Background and Purpose-Human and rodent genomes diverged ≈75 million years ago. However, 481 regions of their genomes (200-779 nucleotide each) remained absolutely conserved and form noncoding RNAs known as transcribed ultraconserved regions (T-UCRs). The functional significance of T-UCRs is not apparent, but their altered expression is associated with many diseases, and thus thought to be critical for life. We presently investigated the poststroke temporal changes in the expression of T-UCRs with potential functional significance. Methods-Male, spontaneously hypertensive rats were subjected to transient middle cerebral artery occlusion. Expression profile of T-UCRs was determined at 3, 6, and 12 hours of reperfusion using microarrays and real-time polymerase chain reaction in the peri-infarct cortex. The putative functional significance of stroke-responsive T-UCRs was identified by bioinformatics. 
S
troke influences the epigenetic landscape of the brain by extensively altering the expression of protein-coding RNAs and various classes of noncoding RNAs (ncRNAs). [1] [2] [3] Furthermore, many ncRNAs play a significant role in mediating poststroke brain damage by modulating transcription and translation. 1 Although vertebrate genomes mutated at a high rate during evolution, 481 regions each >200 nucleotides remained ultraconserved between rodents and humans. 4 Each of these ultraconserved regions (UCRs) form ncRNAs known as transcribed UCRs (T-UCRs) in a tissue-specific pattern. 4 T-UCRs are considered as a subclass of long ncRNAs, and their extreme conservation might be related to the strict negative purifying selection that is vital for life in mammals. 4, 5 Although T-UCRs are expressed at high levels in adult brain and many of them alter significantly in various diseases, 2, [5] [6] [7] their physiological significance is not known. To understand whether an acute brain injury modulates T-UCRs, we presently investigated their temporal expression profiles after transient focal ischemia.
Materials and Methods
See online-only Data Supplement for detailed methods. The data that support the findings of this study are available from the corresponding author on reasonable request. Focal ischemia was induced in the adult male, spontaneously hypertensive rats (280±20 g; Charles River) by 1-hour transient middle cerebral artery occlusion. 3 Total RNA was extracted from peri-infarct cortex at 3, 6, and 12 hours of reperfusion and hybridized to Arraystar long ncRNA microarrays (n=3/group). 2 Expression data were analyzed with GeneSpring GX V11.0 software. Postischemic changes in the expression of T-UCRs and their host gene mRNAs were validated by real-time polymerase chain reaction (n=4/ group). Genomic coordinates and the exon, intron, and exon-intron overlap of T-UCRs were determined by bioinformatics.
2 Molecular functions and biological process networks of up/downstream and host genes of T-UCRs were determined with PANTHER algorithm. 
Results

Ischemic Stroke Altered T-UCR Expression
Transient middle cerebral artery occlusion altered the expression of 69 T-UCRs at ≥1 time points of reperfusion (3, 6 , and 12 hours) in the peri-infarct cortex compared with sham ( Figure 1A and 1B). Of these, 39 were altered at all time points (Table) , and the remaining were altered at 1-or 2-time points (Table II in the online-only Data Supplement) of reperfusion compared with sham. More T-UCRs were downregulated than upregulated ( Figure 1B ). T-UCRs altered after stroke are transcribed from both sense and antisense strands ( Figure 1C ) and overlapped (intragenic) with exons and introns of the proteincoding genes ( Figure 1C ).
Correlation Between Stroke-Responsive T-UCRs and Their Host Gene mRNAs
Although the intragenic T-UCR and mRNAs from their parent genes are transcribed probably using the same promoter, there is little concordance between their postischemic expressions. For example, at 12 hours of reperfusion after transient middle cerebral artery occlusion, uc.12−, uc.174+, uc.208−, uc.209−, uc.215+, and uc.285+ were downregulated, and uc.338+, uc.366−, and uc.377+ were upregulated, but their respective host gene mRNAs were unchanged compared with sham ( Figure 1D ). Whereas, uc.185−, uc.194−, uc.258+, uc.308−, uc.414−, uc.452−, and uc.475+ and their host gene mRNAs were downregulated by a similar magnitude at 12 hours of reperfusion compared with sham ( Figure 1D ).
Real-time polymerase chain reaction confirmed the postischemic changes in the expression of 5 T-UCRs and 5 host genes of intragenic T-UCRs. Similar to microarray data, uc.377+, uc.84−, and uc.465− were upregulated while uc.282+ and uc.359− were downregulated and their host gene mRNAs followed a similar pattern at 12 hours of reperfusion compared with sham (Figure 2A and 2B ).
Functional Significance of the Genes in the Loci of Stroke-Responsive T-UCRs
T-UCRs are known to modulate their host genes and nearest up/downstream genes. We identified that metabolism, regulation, response to stimuli, and cell communication are the major biological functions ( Figure 2C) , and protein binding, ion binding, nucleic acid/nucleotide binding, and transferase activity are the major molecular functions controlled by stroke-responsive T-UCR loci genes ( Figure 2D ).
Discussion
Stroke induces spatiotemporal changes in the expression of many classes of genes leading to altered profiles of mRNAs, microRNAs, long ncRNAs, and circular RNAs. 1, 8 At acute time points after ischemia, these changes are likely because of altered gene expression although changes in cellular composition could influence later time points. Nonetheless, acute changes in ncRNAs influence the pathological outcome, and balancing their levels can protect the brain after stroke. 
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T-UCRs are an evolutionarily conserved class of ncRNAs that are considered essential for life by acting as antisense transcriptional inhibitors of protein-coding and other ncRNA genes in their vicinity. 7 T-UCRs that show exonic or intronic overlap are thought to be involved in RNA processing or regulation of transcription. 4 In the present study, many intragenic T-UCRs showed a positive correlation with their host genes expression, indicating that highly coregulated genes share common activating/repressing characteristics and might modulate same cellular process. 7 Although the precise functions of T-UCRs are not known, promoter methylation and silencing of uc.160+ were thought to promote gastric cancer. 10 T-UCRs are also known to be modulated by microRNAs, indicating a cross-talk between different classes of ncRNAs. 5, 11 Induction of uc.158− was shown to collaborate with miR-193b to mediate Wnt/β-catenin signaling leading to hepatobiliary cancer. 6 Several other conditions, including Crohn disease and neuropathic pain, were also shown to be associated with altered T-UCR profiles.
12, 13 We recently demonstrated that T-UCR expression is high in rat cerebral cortex, 2 and present study show that they are sensitive to focal ischemia. However, their functional significance to stroke pathology needs to be evaluated. 
